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Abstract
The American chestnut (Castanea dentata (Marsh.) Borkh.) is a tree species of
unique ecologic and economic value that was virtually eliminated by a fungal blight
approximately 100 years ago. In order to restore this valuable species multiple
restoration approaches have been evaluated. However, only one technique – producing
highly resistant trees via the hybridization of American and Chinese chestnuts with
backcrosses to American chestnut – shows promise for near-term restoration. The
American Chestnut Foundation (TACF) is leading this hybridization/backcrossing effort,
and the University of Vermont and the USDA Forest Service have begun research to
enhance the TACF breeding program to better support species restoration in the cold
north. There are three issues of particular importance to species restoration in the north:
1) providing germplasm from locally-adapted American chestnut through controlled
pollinations; 2) identifying new sources of germplasm for future pollinations; and 3)
evaluating if inadequate cold hardiness could hinder restoration.
In order to provide backcrossed chestnut with germplasm from Vermont-adapted
trees, controlled pollinations of wild American chestnut growing in northern Vermont
were conducted in 2006 and 2007. In 2006, two trees were pollinated, with a yield of 165
seeds. In 2007, three trees were pollinated, with a yield of 171 seeds. Seeds from
controlled pollinations are planted in a chestnut-breeding orchard in Shelburne, VT where
resulting trees will eventually be tested for blight resistance.
An inventory of existing chestnut in Vermont was begun to expand the current
registry of locally adapted sources of germplasm. A wide range of forest professionals
and outdoor enthusiasts were asked to report existing chestnuts throughout the state.
American chestnut exists in Vermont as healthy and blighted mature trees, as well as
blighted sprouts. At each new site visited, basic tree measurements and other data
important to the breeding program were gathered and site GPS coordinates recorded. All
information was incorporated into a spatial database. Thus far, over 20 sites have been
identified, including at least 15 trees with pollination potential.
Preliminary evaluations of potential limitations in tissue cold tolerance that could
restrict chestnut restoration within the northern limits of the species’ historical range were
conducted during November 2006, and February and April 2007. We tested the cold
tolerance of the shoots of American chestnut and backcross chestnut saplings growing in
two plantings in Vermont to assess their cold tolerance relative to ambient temperature
lows. Shoots of two potential local competitors, northern red oak (Quercus rubra L.) and
sugar maple (Acer saccharum L.), were also tested for comparison. During the winter,
American and backcross chestnut were approximately 5°C less cold tolerant than red oak
and sugar maple (P < 0.0002), with a tendency for American chestnut to be more cold
tolerant than the backcross chestnut (P = 0.0745). Terminal shoots of American and
backcross chestnut also exhibited significantly more freezing damage in the field than
nearby red oak and sugar maple shoots (P <0.0001), which showed no visible injury.
Although these findings suggest that limited cold tolerance could complicate species
restoration within northern forests, cold tolerance levels could potentially be improved
through genetic selection or cultural means.
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Comprehensive Literature Review
The American Chestnut
The American chestnut (Castanea dentata (Marsh.) Borkh.) was once a dominant
hardwood in the eastern U.S., ranging from Maine to Georgia, and west to the Ohio
Valley (Ronderos 2000). Throughout its range, one in four stems was a chestnut, with
the frequency approaching one in two stems in the heart of the range (Smith 2000). In
addition, many pure chestnut stands existed due to the superior ability of the species to
stump sprout (Smith 2000). American chestnuts grew very quickly and very straight and
could reach diameters as great as 1.5 meters and heights of over 30 meters, often gaining
half their mature height in the first 20 years (Buttrick 1925; Kuhlman 1978; Smith 2000).
Chestnut wood is very rot resistant, with uniform density and abundant tannins (Fowler
1944; Beattie & Diller 1954; Saucier 1973; Smith 2000). The nuts of American chestnut
are highly nutritious and served as a food source for humans, livestock and wildlife
(Beattie & Diller 1954; Ronderos 2000). The abundance of the American chestnut, along
with the many uses for its wood and nuts, made this a very valuable and highly utilized
species throughout its range.

Chestnut Blight
In the early 1900’s a blight fungus, Cryphonectria parasitica (Murr.) Barr, was
introduced to the United States on Asian nursery stock. This fungal pathogen, which
causes chestnut blight, was first identified on American chestnut trees in 1904 at the
Bronx Zoological Park in New York City (Griffin 2000). It is believed that the blight
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fungus was introduced only a few years before it was found by the park’s groundskeeper
to be killing shade trees (Hodson 1920). Expeditions to Asia, where the disease was
identified, as well as small outbreaks of the blight on Asian chestnut nursery stock on the
west coast of the U.S., initially helped to verify the origin of the pathogen (Beattie &
Diller 1954). Chestnut blight spread throughout the botanical range of American
chestnut within 40 years, functionally removing a species that had previously made up at
least a quarter of the biomass of eastern forests (Griffin 2000). American chestnut has
since been reduced to a stump-sprouting understory species, usually not reaching 20 feet
in height before blight infects the young clones and quickly kills them to ground level
(Ellison et al. 2005).
Many efforts have been made to prevent the loss of American chestnut from the
eastern forest. These efforts have included cultural methods, work with hypovirulence,
identifying a suitable Asian chestnut substitute, breeding for blight resistance and, more
recently, genetic engineering.

Cultural Approach
Many methods of early control of chestnut blight were attempted, such as
fungicides and tree surgery, however these methods were not effective (Beattie & Diller
1954). Many eastern states attempted to cut and remove heavily infested trees to halt the
spread, and in 1914 Pennsylvania even proposed cutting all American chestnut in swaths
several miles wide, although the disease crossed the proposed barrier before the project
was even initiated (Beattie & Diller 1954). In addition to typical cultural methods,
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radiation treatment was attempted in 1957, in hopes of producing a blight-resistant
mutant and a new avenue towards blight resistance (Diller & Clapper 1965). This
method was met with little success as most irradiated chestnut scions did not survive
(Diller & Clapper 1965). In 1959, another method was tried using colchicine in the hope
of boosting blight resistance in treated chestnut seedlings (Genys 1963; Diller & Clapper
1965). Colchicine affects cell division and provided the opportunity to produce chestnuts
with up to double chromosomes in hopes of finding an improved chestnut exhibiting
blight resistance (Genys 1963). Publications on either aforementioned methods are
scarce, with no mention in contemporary literature, and it is speculated that these
techniques were not effective and thus research was abandoned.

Hypovirulence
Shortly after chesntut blight struck the U.S. it was discovered in Europe, where
nut orchard production was an important industry. Curiously, about 15 years after the
blight began killing European chestnut (Castanea sativa Mill.), some infected trees
seemed to recover. It was discovered that a less virulent strain of the fungus was causing
similar symptoms as the original pathogen, but that this reduced virulance allowed trees
to recover from infection (Elliston 1981). This less virulent, or hypovirulent, fungus was
used to inoculate European trees where it was found to spread naturally and help recover
entire orchards as long as the hypovirulent strain was from the same geographic region
(Elliston 1981).
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Work with hypovirulance began in the U.S. in the early 1970’s at the Connecticut
Agricultural Experiment Station (CAES), but met mixed results. While it was found that
European hypovirulent strains, as well as strains discovered in Wisconsin, could help
reduce the effect of the blight on infected trees, the result was not long lasting (Elliston
1981). Early studies, where the hypovirulent fungus was inserted directly into a blight
canker, found that while existing cankers were held at bay, new ones were either not
prevented or hypovirulent effects did not persist over more than one or two winters
(Griffin 2000). Additionally, it was discovered that while in Europe there were only 4
strains of hypovirulence, there were upwards of 70 strains found in the U.S. (Elliston
1981). This ties into the issue of vegetative incompatibility, as it has been found that
virulent and hypovirulent strains must be compatible in order to reduce the virulence of
the blight fungus (Elliston 1981). In Europe, with few available variants, matching
hypovirulent strains with virulent strains is likely to occur. However, with the vast
number of strains in the U.S., a reliance on matching native hypovirulent with compatible
pathogenic strains is not a very realistic approach for control. As a result of some of
these roadblocks, hypovirulant strains have not been found to reproduce and spread well
in the U.S., making their role as a large scale biological control as yet, unfulfilled. Some
of the problems associated with using hypovirulence as a control method in the U.S. may
also have to do with the higher susceptibility of American chestnut to the blight fungus,
when compared to the European chestnut, and the high abundance of the virulent
pathogen throughout the American chestnut’s range (Griffin 2000).
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In spite of the many setbacks with hypovirulence work in the U.S., CAES
personel are is still pursuing work with this method of biological control. For example,
they are currently working on genetically engineering hypovirulent strains that will
spread within a forest setting and persist for several years. In addition they are
attempting to combine hypovirulence and breeding by introducing their most successful
hybrid blight-resistant seedlings into a forest plot of existing American chestnut trees
with a healthy hypovirulence population. It is hoped that the blight-resistant trees will
cross with surviving, hypovirulence inoculated native trees and reproduce in this
environment. With the initial aid of hypovirulence to control the pathogen, the hope is
that trees will survive and sexually reproduce over several generations, and that blight
resistance will therefore be bred into native trees, allowing for an increase in genetic
diversity and population dispersion (Anagnostakis 2005).

Identifying a Substitute Species
The search for a suitable substitute tree was initiated in 1927 when the U.S.
Department of Agriculture (USDA) sent Professor R. Kent Beattie on an expedition to
Asia to collect chestnut seed. Over 250 bushels of seed were sent from Asia to the U.S.,
along with bark samples for tannin analysis. From the seed sent, over 300,000 seedlings
were grown and distributed to 32 eastern states to develop experimental Asiatic chestnut
plantings. Unfortunately, most of these early experimental plots failed, due to inadequate
cultural knowledge of Asian chestnuts and a long period of drought in the 1930’s. After
further research, the USDA established a set of 21 Asiatic chestnut climatic test plots
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between 1936 and 1939, and from this came one Chinese chestnut (Castenea mollissima
Blume), Plant Introduction (PI) 58602, that showed a high degree of blight resistance,
satisfactory growth rate and developed a forest-type growth habit (Diller & Clapper
1965). Tannin analysis also found that Chinese chestnut produced tannins in a
comparable amount to American chestnut (Beattie & Diller 1954). Additionally, these
early test studies found that Japanese chestnut (Castanea crenata Sieb. and Zucc.) was
not as cold hardy as Chinese chestnut and not as desirable as a replacement species
(Diller & Clapper 1969).

Early Breeding
Breeding of American chestnut was occurring in a few places in the United States
before the introduction of the chestnut blight. Chestnut was valuable as a timber and
orchard species, and these early breeding efforts crossed American chestnut with Asian
varieties, as well as native chinquapin (Castanea pumila (L.) Miller), to try to produce
larger trees or better nut production (Anagnostakis 1997). Although the progeny of these
early breeding efforts were wiped out by the blight, the knowledge gained was helpful
when establishing blight-resistance breeding programs. While early blight-resistance
breeding programs aimed at emphasizing several traits of American chestnut, the main
focus was producing a forest type tree that was resistant to the blight but retained the tall,
spreading characteristics useful to the timber industry and commonly found in shade trees
(Diller & Clapper 1965; Anagnostakis 1997). Another concern was nut production, and
efforts to produce orchard type trees that were resistant to the blight were also pursued
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(Anagnostakis 1997). In the southern part of the range, chestnut was most useful for its
tannins, and this large industry pushed to preserve the supply of tannins with blight
resistant trees (Beattie & Diller 1954).
When early attempts to control the chestnut blight proved fruitless, the USDA
began to pursue breeding efforts to prevent the complete loss of the chestnut. Three
major programs were initially pursued. The USDA hoped to 1) preserve the chestnut by
finding native trees that had developed natural blight resistance, 2) identify a suitable
Asian substitute, and/or 3) breed a blight resistant hybrid tree (Diller & Clapper 1965).
Searches were begun for native trees that had developed a resistance to the chestnut
blight. Unfortunately, of the large trees found existing within the botanical range in the
late 1950’s, at least 90% proved to have escaped the blight fungus through geographic
isolation and not survived due to natural resistance to the pathogen (Diller & Clapper
1965).
Efforts by the USDA to breed a blight resistant hybrid tree began in 1925 and
continued through 1960 (Diller & Clapper 1965). Building on knowledge gained by preblight chestnut breeding, the USDA early breeding efforts crossed American chestnut
with a variety of compatible trees, most notably Chinese and Japanese chestnut. Because
of the Asian origin of the blight fungus, these Asian species showed the most natural
blight resistance. The goal of the breeding program was a blight-resistant, fast-growing,
timber-type tree. However, of the thousands of crosses made by breeders only about
three to five percent exhibited the phenotypic characteristics desired (Diller & Clapper
1965; Diller & Clapper 1969). Early crosses involved an American and Chinese parent,
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the offspring of which were backcrossed with another Chinese parent to increase blight
resistance (Clapper 1952). Due to the shorter, shrubbier habit of Chinese chestnut, these
second generation trees, while often blight resistant, did not meet the growth and habit
requirements of the breeding program. The one success story of the USDA breeding
program was a tree known as the ‘Clapper’ chestnut. This line crossed American and
Chinese chestnut, and then backcrossed the offspring with American chestnut. The
Clapper chestnut showed good forest form and retained the blight resistance of the
Chinese chestnut (Beattie & Diller 1954).
Around the same time as the USDA breeding program, similar breeding work was
started by Dr. Arthur H. Graves, first at the Brooklyn Botanic Garden, and then continued
at the CAES. Using similar methods, Graves produced one promising hybrid by crossing
a Japanese and American chestnut and backcrossing the offspring with a Chinese parent.
This tree is now referred to as the ‘Graves’ chestnut, and also exhibits blight resistance
and timber-type form (Beattie & Diller 1954).
As part of the USDA program, 15 hybrid chestnut plots were established in 13
eastern states from 1947-1954 for comparison between the Clapper and Graves hybrids,
as well as the promising Chinese chestnut PI 58602 (Beattie & Diller 1954). Test plots
were designed to assess blight resistance, growth rate and form, winter and drought
hardiness. Unfortunately arrangements were not made beyond 1968 for continued
monitoring of these test plots, although cooperators were urged to check in on these plots
from time to time (Diller & Clapper 1969). With no reference to these plantings in the
contemporary literature, it must be assumed that they have been largely abandoned.
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By the mid to late 1960’s the USDA seemed to shift focus and much of their
chestnut work was phased out and displaced by other priorities. While there was some
brief excitement with the use of hypovirulence in improving blight resistance, it appears
that the breeding program was put on hold and never picked back up. Some evidence
suggests that while promising hybrids were developed, the lack of a method for efficient
production of seed or seedlings for out-planting prevented these early backcrossed
hybrids from being widely dispersed (Diller & Clapper 1965).

Recent Breeding
Fortunately, the breeding program started by Graves continued at the CAES.
Through resistance trials of hybrid offspring it became apparent that only two or three
genes were responsible for blight resistance, making the attainment of blight-resistance
through hybrid breeding a reasonable goal (Anagnostakis 1987). Based on the backcross
breeding program developed by Charles Burnham, hybrid-backcross breeding continues
at CAES, where trees are currently selected for blight-resistance, timber or orchard form,
and most recently, resistance to Phytophthora root rot, another common problem limiting
chestnut survival (Anagnostakis 2005). The set up and success of this breeding program
is very similar to the one coordinated by The American Chestnut Foundation (TACF),
although the CAES program exists at a smaller scale.

9

Genetic Engineering
The most recent avenue of American chestnut restoration is work to map the
genome of American, Chinese and European chestnuts. The goal of this work, which is a
joint effort between many universities in the U.S. and Europe, as well as governement
agencies and private foundations such as TACF, is to identify the genetic loci associated
with blight resistance (Clemson University Genomics Institute 2007). From this
information, future breeding efforts could be better targeted, improving chances for
species restoration. This project will be costly, both in dollars and time. However, as
this is the first attempt at using genomics for species and ecosystem restoration (CUGI
2007), it could have implications far beyond chestnut restoration if successful. Thus far,
progress has been made in creating genetic maps of American x Chinese chestnut and
European chestnut. Identification of 11 chromosomal linkage groups between the hybrid
cross and the European chestnut and verification that indeed only two chromosomal loci
govern blight resistance (Sisco et al 2005) are important recent findings.
In addition to genetic mapping, transgenic methods of chestnut restoration are
also under investigation. Using Agrobacterium-mediated embryogenic transformation, a
2-gene transfer system has been developed that is hoped to introduce blight resistance to
American chestnut embryos (Merkle et al 2007). The next step in this study is testing of
the potentially antifungal genes that have been introduced, and assessment of their ability
to confer blight resistance (Merkle et al 2007). This method poses many questions for
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species restoration, including issues of the ethics and economics of incorporating
trangenic trees into this endeavor.

The American Chestnut Foundation (TACF)
Whether introducing blight resistance through standard breeding methods or via
genetic engineering, there is a need to also conduct a broad-scale breeding program to
increase levels of genetic diversity within the restoration gene pool. Currently, the
largest scale effort to enhance the genetic diversity of blight resistant American chestnut
is the hybrid-backcross breeding program of TACF. Founded in 1983 by a group of plant
scientists including Dr. Charles Burnham and Phillip A Rutter, TACF was begun “to
develop a blight-resistant American chestnut tree via scientific research and breeding, and
restore the tree to its native forests along the eastern United States” (The American
Chestnut Foundation 2008). In light of these goals, TACF has pursued a breeding
program to produce regionally adapted blight-resistant chestnut trees, with plans for
future restoration plantings while simultaneously pursuing education and outreach efforts
about this charismatic species.
TACF works with a hybrid-backcross breeding program that involves six specific
crosses to produce American chestnuts that are highly resistant to the blight (The
American Chestnut Foundation 2006). The offspring of each cross are challenged with
the blight fungus to ensure some level of resistance before continuing on in the breeding
program. The first cross is between a flowering American chestnut and a blight-resistant
Chinese chestnut. The offspring of this F1 cross are backcrossed with a new American
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parent to produce offspring referred to as the first backcross (BC1F1). This backcross of
offspring with American chestnuts occurs across two more generations to produce the
third backcross generation (BC3F1). At this point, the breeding program shifts to
intercrosses of third backcross offspring (BC3F2) to maintain a high percentage of
American chestnut genes and enhance the blight resistance of the trees. These
intercrosses are conducted twice to produce a final offspring (BC3F3) that is 15/16
American chestnut and shows strong resistance to chestnut blight.
In order to ensure regional adaptability of hybrid-backcross chestnuts, this
breeding program is carried out throughout the native range of American chestnut.
TACF is a non-profit organization and it is largely through the hard work of state
chapters of volunteers that much of this breeding occurs. State chapters exist in 17 states,
with some states still locating regionally adapted mother trees and producing some of the
earlier backcrosses, while other states are at the point of intercrossing and even testing
final crosses with hopes of out-planting resistant genotypes.

TACF Efforts in Vermont
Vermont was recently adopted into the TACF state chapter program as a joint
chapter with New Hampshire at the 2007 TACF Annual Meeting. Prior to this status,
little chestnut breeding work had been done in Vermont, and what had been done lacked
organization and consistency. Vermont is at the northern edge of the historic range of
American chestnut (Beattie & Diller 1954; Ronderos 2000). However, even after
devastation by the blight, there was still a small scattering of American chestnut
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throughout parts of the Champlain and Connecticut River valleys, as well as across the
milder southern portion of the state. At such a northern reach, regional adaptability is
very important to a successful species restoration to the northern forests, and participation
in the breeding program through controlled pollinations of existing American chestnut is
one way to assist these restoration efforts. In addition, because populations are often
limited at the northern most portions of their range by limitation in tissue cold hardiness,
a cursory look at the cold hardiness of American chestnut and other native competitors
relative to ambient temperature lows is particularly important. American chestnut was
functionally removed from the forest around the time that modern forest research
developed and scientific information on the cold tolerance of tree species was
systematically assessed. Thus, almost no quantitative information on the cold tolerance
of American chestnut exists. In addition, it is unclear how the hybrid-backcross breeding
process may alter the cold hardiness of the species as Chinese chestnut is considered to
be sensitive to cold injury (Beattie & Diller 1954). For restoration to the northern forest,
it is important to know what the potential competitiveness of chestnut will be relative to
ambient temperatures and compared to native species that may exhibit greater cold
hardiness.
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Inadequate cold tolerance as a possible limitation to American chestnut restoration
in the Northeastern United States
Kendra M. Gurney i , Paul G. Schaberg ii , Gary J. Hawleyi and John B. Shanei

Abstract
The American chestnut (Castanea dentata (Marshall) Borkh.), once a major
component of eastern forests from Maine to Georgia, was functionally removed from the
forest ecosystem by chestnut blight (an exotic fungal disease caused by Cryphonectria
parasitica (Murr.) Barr), first identified at the beginning of the 20th century. Hybridbackcross breeding programs that incorporate the blight-resistance of Chinese chestnut
(Castenea mollissima Blume) to American chestnut stock show promise for achieving the
blight resistance needed for species restoration. However, it is uncertain if limitations in
tissue cold tolerance within current breeding programs might restrict the restoration of the
species at the northern limits of American chestnut’s historical range. Shoots of
American chestnut and hybrid-backcross chestnut (i.e. backcross chestnut) saplings
growing in two plantings in Vermont during November 2006, and February and April
2007 were tested to assess their cold tolerance relative to ambient low temperatures.
Shoots of two potential native competitors, northern red oak (Quercus rubra L.) and
sugar maple (Acer saccharum L.), were also sampled for comparison. During the winter,
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American and backcross chestnuts were approximately 5°C less cold tolerant than red
oak and sugar maple (P < 0.0002), with a slight tendency of American chestnut to be
more cold tolerant than the backcross chestnut (P = 0.0745). Terminal shoots of
American and backcross chestnut also showed significantly more freezing damage in the
field than nearby red oak and sugar maple shoots (P <0.0001), which showed no visible
injury. Although these findings suggest that limited cold tolerance could complicate
species restoration within northern forests, cold tolerance levels could potentially be
improved through genetic selection or cultural means.

Introduction
The American chestnut (Castanea dentata (Marshall) Borkh.) once composed up
to 50% of basal area in portions of the Appalachian hardwood forest (Braun 1950). An
extremely fast-growing species (diameter growth as great as 2.5 cm/yr), it attained
impressive proportions, reaching diameters as great as 1.5 m and heights of 37 m
(Buttrick 1925; Kuhlman 1978). Chestnut was prized for its straight-grained, highly rot
resistant wood, which made it useful for construction, woodworking, furniture, railroad
ties, telephone poles, musical instruments and mine timbers. In addition, tannins from
wood and bark were integral to a large leather tanning industry (Fowler 1944; Saucier
1973). Chestnut seeds – large, sweet and highly nutritious – were an important source of
food for wildlife, livestock, and humans and were even used for barter in rural
communities (Rice et al. 1980). The magnificence, prevalence, and usefulness of this
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species secured it a place in American literature, folklore, and song (e.g., “Chestnuts
roasting on an open fire”; The Christmas Song by Torme & Wells 1946).
The fungal pathogen Cryphonectria parasitica (Murr.) Barr, accidentally
introduced from Asia and first identified in New York City in 1904, initiated a blight that
functionally removed American chestnut as an overstory tree throughout its range within
approximately 40 years (Griffin 2000). The blight produces girdling cankers, which
eventually kill the trunk, but do not harm the root system. American chestnut
populations, considerably reduced in size, number, and reproductive success, continue to
exist in many parts of its former range, mainly in the forest understory, as a result of root
collar sprouts from stems killed by blight. Sprouts may reach diameters of 20 cm and
heights of 15 m before they too are girdled and killed by the blight and in turn form new
root collar sprouts (Paillet 2002).
Because of chestnut’s former ecological, economic, and social importance,
considerable effort has been applied to controlling chestnut blight and restoring the
species to its former status. Aside from attempts to identify a suitable replacement
species, three primary methods of restoration have been attempted: 1) breeding for
resistance among pure American chestnut, 2) hypovirulence of the pathogen, and 3)
hybridization of residual American chestnut with resistant Chinese chestnut (Castenea
mollissima Blume) followed by backcrossing with pure American chestnut (Griffin
2000).
The first method, controlled breeding among resistant American chestnut, has to
date only produced trees with rather low levels of blight resistance, however work with
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this method is ongoing (Griffin 2000). The original parent trees associated with this
method are grafted scions of large surviving American chestnuts showing field resistance,
and resulting progeny are challenged with the blight fungus to assess blight-resistance
(Griffin 2000). The second method, hypovirulence, occurs when the fungus is infected
with a type of fungal virus, causing it to produce superficial cankers, which are typically
non-fatal, but may distort stems, reducing the tree’s timber value. Though this method
has met with some success in restoring European chestnut (Castanea sativa Mill.)
following blight introduction to Europe, hypovirulence has currently proved to be
unreliable for controlling chestnut blight in North America. This is partially due to high
levels of vegetative incompatibility of the numerous strains of the hypovirulent fungus
with the numerous virulent fungal strains found in the US, and poor mechanisms for the
natural spread of hypovirulent strains between infected trees (Elliston 1981; MacDonald
& Fulbright 1991).
In contrast to these first two methods, hybridization and backcrossing is believed
to offer near-term promise as a mechanism for full ecological restoration. With this
method, blight resistant Chinese chestnut is crossed with existing locally adapted
American chestnut through controlled pollinations and then successively backcrossed
with American chestnut until trees with blight resistance genes and an average of about
94% American chestnut germplasm are produced. These offspring are then intercrossed
to achieve the highest levels of blight resistance. At each step, seedlings are challenged
with the fungus to be certain that they contain the genes for blight resistance before being
included in the next generation of breeding trials.
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The American Chestnut Foundation (TACF) is leading a comprehensive effort to
restore American chestnut using hybridization and backcrossing to create blight-resistant
trees that will be reintroduced to establish naturally reproducing chestnut populations
throughout its historical range (TACF 2006). The native range of American chestnut
stretched from Maine to Georgia, and west to the Ohio Valley (Ronderos 2000), with few
and scattered populations at the northern extreme, which suggests that this species may
have limited cold hardiness. Restoration of the species to the northern reaches of its
former range requires an examination of the cold tolerance of not only American
chestnut, but also hybrid-backcross offspring to determine if cold tolerance will play a
limiting role in the reintroduction of the species and assess how the hybridization process
may influence the spread of American chestnut in colder climates. As a preliminary
assessment of whether inadequate cold tolerance may limit the restoration of American
chestnut to northern latitudes, we measured the cold tolerance of current-year shoots of
pure American and hybrid-backcross chestnuts (hereafter referred to as backcross
chestnuts) and compared these to ambient air temperatures and cold tolerance levels for
shoots of two potential native competitors - sugar maple (Acer saccharum L.) and
northern red oak (Quercus rubra L.).

Methods
Site Selection and Description
Current restoration efforts have focused on the hybridization and backcrossing of
Chinese chestnut with American chestnut predominantly from the central portion of the
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species’ historical range. Indeed, there are only two plantings of backcross American
chestnut that include Vermont American chestnut germplasm, and only one such planting
that includes the third and final backcross (BC3F1) generation, which is to be followed
by two successive intercrosses. These two plantings were used to assess whether or not
limited cold hardiness may restrict restoration of American chestnut in the north.
Because limitations in cold hardiness during fall, winter or spring can lead to tissue
damage and tree decline (Levitt 1980), cold tolerance was measured once during each of
these three seasons, with efforts made to assess hardiness at times of stable temperature
that represented seasonal norms.

Shelburne Plantation
A TACF breeding orchard in Shelburne, VT, located on private property at
approximately 40 m elevation and in close proximity to Lake Champlain, contains over
200 young American and backcross chestnut saplings. A majority of the saplings are
third-backcross (BC3F1) offspring of Vermont mother trees (one from Shaftsbury, VT
and one from Dummerston, VT) pollinated with hybrid-backcross pollen from the TACF
breeding program. This orchard is in close proximity to a mixed hardwood forest
containing sugar maple and red oak saplings that provided comparisons of the cold
tolerance of potential native competitors relative to American and backcross chestnuts.
The NOAA National Climatic Data Center at the Burlington International Airport,
located approximately 14 km from the Shelburne site, was used to estimate on-site
temperature measurements for comparisons to shoot cold tolerance levels.
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Sunderland Plantation
A small American chestnut test planting in Sunderland, VT, located on the Green
Mountain National Forest at approximately 340 m in elevation, provided plant material
for an initial assessment of differences in cold tolerance attributable to site. This planting
contains pure American chestnut, as well as second-backcross (BC2F1) offspring of a
Vermont mother tree and hybrid-backcross pollen from the TACF breeding program.
The BC2F1 chestnuts in the Sunderland planting are the offspring of the same
Shaftsbury, VT American chestnut common to many of the saplings in the Shelburne
planting. The NOAA National Climatic Data Center at the Bennington William H.
Morse State Airport, located approximately 23 km from the Sunderland site, was used to
estimate temperature trends at this plantation.

Cold Tolerance Sampling
Measurements of cold tolerance of current-year shoots (an abundant tissue type
that can be collected with low collateral damage to trees) were used as an indicator of
cold hardiness. Measuring the cold tolerance of woody shoots is a standard method of
assessing hardiness in hardwood species (e.g., Gregory et al. 1986; Zhu et al. 2002), and
furthermore, inadequate cold hardiness of stems and associated freezing injury and stem
damage may exacerbate the propagation of chestnut blight (Jones et al. 1980; Griffin et
al. 1993).
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Current-year shoots were harvested in November 2006, and February and April
2007 to assess seasonal trends in cold tolerance. More frequent sampling was not
possible because few saplings were large enough to withstand additional destructive
sampling. In Shelburne, shoots from nine Shaftsbury BC3F1 saplings, three Dummerston
BC3F1 saplings, and four pure American chestnut saplings were collected per sample
date. To provide a comparison of the hardiness level of chestnuts, current-year shoots of
four similarly aged red oak and sugar maple saplings from adjacent forests were also
collected and assessed. In Sunderland, shoots were collected from four pure American
chestnuts and two Shaftsbury BC2F1 chestnuts on the same November, February and
April sample dates. For all seed sources at both plantations, saplings were chosen for
sampling at random and without replacement. Visibly damaged shoots were not
collected.

Laboratory Cold Tolerance Assessment
Current-year shoots from each tree were rinsed in distilled water and chopped into
5-mm segments to produce a bulked sample. Subsamples of two 5-mm segments were
placed into 64-cell styrene trays for freezing tests. Duplicate samples from each tree
were included within each tray to produce mean electrical conductivity measurements
used in later curve fitting analyses. Freezing stress was imposed using well-established
methods (Strimbeck et al. 1995; Schaberg et al. 2000, 2005). During fall and winter, 15
test temperatures were selected, with temperatures ranging from +5°C to –64°C in fall
and +5°C to –90°C in winter. During spring, 17 test temperatures were selected, ranging
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from +5°C to –90°C. Freezer temperature was held for 30 min at each test temperature,
after which one replicate tray was removed from the freezer, placed in a precooled
styrene foam container, and transferred to either a refrigerator at 5°C (for test
temperatures above –5°C), or a freezer (for test temperatures below –5°C). After trays in
the freezer equilibrated to –5°C, they were transferred to a refrigerator at 5°C and held
until thawed. A mild detergent solution (3.5 mL of 0.1% v/v Triton X-100 in deionized
water) was added to each cell and sample trays were stored in a high humidity cabinet
and shaken at room temperature for 8 hours. Initial conductivity of effusate was
measured using a multielectrode instrument (Wavefront Technology, Ann Arbor,
Michigan), then samples were dried for at least 48 hours at 40°C to kill the tissue, soaked
in fresh detergent solution for 24 hours, and the final conductivity was measured.
Relative electrolyte leakage (REL), a measure of cell injury calculated as the proportion
of initial conductivity of samples following damage at each subfreezing test temperature
relative to the final conductivity of fully killed, oven-dried tissue, was used to calculate
Tm, the temperature at the midpoint of a sigmoid curve fit to REL data for all test
temperatures (Strimbeck et al. 1995; Schaberg et al. 2000, 2005). Tm values were
calculated via non-linear curve fitting (JMP, SAS Institute, Cary, NC, USA) using the
following equation (Anderson et al. 1988):

REL = Y min +

Y max − Y min
1 + e k (Tm −T )
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where Ymin and Ymax are values of REL for uninjured and completely freeze-stressed
tissue, respectively, k describes the steepness of the REL response to freezing stress, and
T is the temperature in °C.

Winter Injury Assessment
In addition to laboratory testing, visual assessments of shoot freezing injury were
made in May 2007 at the Shelburne orchard. Injury was identified after leaf-out as
visible dieback (dark colored and sunken portions of stems) on terminal shoots. Winter
damage was classified relative to seedling size by comparing the number of terminal
shoots overall on each seedling relative to the number of damaged terminals on a
percentage basis (% of terminals injured) for all sources sampled.

Statistical Analysis
Analyses of variance (ANOVAs) were used to test for differences in shoot cold
tolerance data (Tm). Data from the Shelburne plantation were used to test for differences
in cold tolerance attributable to species and seed source within each season. To assess
specific differences among factor means, four mutually exclusive orthogonal contrasts
were used: (i) American and backcross chestnut versus red oak and sugar maple, (ii)
American chestnut versus backcross chestnut, (iii) Dummerston backcross chestnut
versus Shaftsbury backcross chestnut and (iv) red oak versus sugar maple. These
contrasts maximized statistical power for evaluating potentially important differences in
cold tolerance associated with: (i) chestnuts relative to native competitors, (ii) the impacts
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of the hybridization process, (iii) genetic differences in cold tolerance among offspring
from regionally-adapted mother trees, and (iv) differences between native competitor tree
species. Analyses of variance (ANOVAs) were also used to compare data from the
Shelburne and Sunderland sites on each sample date to test for differences in cold
tolerance attributable to site.
Differences in field-based freezing damage attributable to seed source or species
were analyzed using the van der Waerden non-parametric test because data were not
normally distributed (Conover 1980). For all tests, differences were considered
statistically significant if P ≤ 0.05.

Results
Source Differences in Cold Tolerance
Sampling was conducted in November 2006, and February and April 2007 at
times of stable and seasonally representative temperatures (Figure 1). At the Shelburne
plantation, five sources of seedlings were sampled: pure American chestnuts, Shaftsbury
BC3F1 chestnuts, Dummerston BC3F1 chestnuts, northern red oak, and sugar maple. No
differences in cold tolerance were detected among these sources in fall or spring (Figure
2). However, significant differences in cold tolerance (P < 0.0002) were detected for
winter (Figure 2). Orthogonal contrasts defined two specific differences of note: 1) red
oak and sugar maple were approximately 5°C more cold tolerant than American chestnut
and backcross chestnut (P < 0.0001), and 2) a tendency for American chestnut to be
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slightly (approximately 3°C) more cold tolerant than backcross chestnuts (P = 0.0745;
Figure 3).

Source Differences in Winter Injury
Field observations of shoot winter injury at the Shelburne location identified
significant differences in freezing damage between sugar maple and red oak compared to
American and backcross chestnut (P <0.0001; Figure 4). Sugar maple and red oak
showed no visible freezing injury, whereas American chestnut experienced
approximately 30% injury on average and backcross chestnut experienced approximately
60% mortality of terminal shoots (Figure 4). Shoot winter injury resulted in the increased
branching of injured chestnuts, presumably due to a suppression of terminal shoot
dominance.

Site Differences
American chestnut and Shaftsbury backcross chestnuts exist at both the Shelburne
and Sunderland plantings, allowing for some comparison of cold tolerance differences
associated with geographical location (site). In the fall, Sunderland-grown pure
American and backcross chestnuts were more cold tolerant than similar Shelburne-grown
stock (P ≤0.05; Figure 5). No differences in cold tolerance were found between locations
in spring or winter – a time of particular vulnerability to freezing injury for chestnut
shoots relative to two native competitors (Figure 2) and relative to ambient low
temperatures (Figure 1).
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Discussion
Contemporary Limitations in Cold Tolerance
It is important to note that this study provided only a cursory look at the cold
tolerance levels of American and backcross chestnuts. Sample sizes were small, only a
few seed sources were assessed, and the number of individuals within seed sources
sampled were not equal but were based on seedling size and availability. Additionally,
sampling dates captured mid-season temperature trends well, but transition periods
between seasons when shoots would be expected to be hardening or dehardening were
not sampled. Nevertheless, even with these limitations, winter cold tolerance levels of
American and backcross chestnuts in Shelburne were shown to be less than those of two
common native competitors (Figure 2) and close to ambient low temperatures
experienced in the region (Figure 1).
It should be noted that estimates of cold tolerance based on REL data often
produce conservative estimates of cold tolerance (Tm values), because temperatures in
laboratory tests are lowered slowly and at a constant rate, unlike the sudden drops and
spikes found in nature (Schaberg & DeHayes 2000). This is particularly important when
considering that while the Tm of American and backcross chestnut was found to be
approximately –32°C to –35°C, winter temperatures in Shelburne did not appear to reach
–30°C during the 2006-2007 sampling season (Figure 1), yet shoot winter injury was still
observed. This, coupled with the fact that visible assessments of winter injury mirrored
patterns of winter cold tolerance estimates in the laboratory, raises the likelihood that the
cold tolerance of American and backcross chestnut may be even less than experimentally
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predicted. It is also noteworthy that no differences in winter cold tolerance between the
Shelburne and Sunderland sampling locations were detected in winter, suggesting that
cold tolerance limitations of chestnut shoots during this critical period are not unique to
one location. Range maps show the northern extreme of American chestnut to exist in
northern New England, while the botanical ranges of both red oak and sugar maple
extend north into Canada. This distribution is consistent with the possibility that limited
cold tolerance influences the health and competitive success of chestnuts more than some
common competitors within the Northern Forest.
The American and backcross chestnut at the Shelburne site were significantly less
cold tolerant than those at the Sunderland site in the fall, the only season when a
geographical difference was detected. NOAA temperature data indicate that the first
frost occurred in Sunderland before it occurred in Shelburne, and that temperature
minima were generally lower in Sunderland than Shelburne before fall sampling (Figure
1). Higher fall temperatures near the Shelburne plantation may have resulted from its
low elevation (300 m below the Sunderland site) or its close proximity to the moderating
influences of Lake Champlain. Whatever the cause(s), the most likely reason for
observed differences in fall cold tolerance is that trees experienced colder temperatures in
Sunderland and began acclimating to those temperatures sooner than the trees growing in
Shelburne.
The more limited cold tolerance of American and backcross chestnut relative to
two potential native competitors is potentially problematic to the near-term restoration of
the species to northern forests. While large chestnut trees exist in a few places in
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Vermont, cold damage has been observed on young trees in Shelburne, Sunderland, and
other locations throughout Vermont, and some mature trees as well (Gurney - personal
observations, 2007). Terminal shoot dieback contributed to a shrubby growth habit at the
Shelburne planting because extensive branching developed below damaged terminal
tissues. Winter injury, while prevalent in young trees in Vermont, does not seem to
ultimately alter the form of mature trees, as most mature American chestnuts observed in
the state are tall and straight with good timber form. However, the potential impacts of
freezing injury on seedling establishment, growth and early competitive success have yet
to be evaluated.

Implications for Future Restoration in Northern Latitudes
Limited winter shoot cold tolerance may complicate the early establishment of
American chestnut in northern climates, however further research is needed to determine
the extent of this potential problem. In addition, several areas of investigation could
provide means of bolstering the cold tolerance of backcross chestnuts, thereby assisting
restoration of the species to the northern forest. Various forms of seedling protection
systems, including tree tube shelters, may increase temperatures around seedlings
(Scowcroft & Jeffrey, 1999), potentially protecting them from serious freezing injury.
Nutritional supplements, such as calcium (Ca) or nitrogen (N) fertilization, may also
benefit young trees. Calcium has been shown to play an important role in stress response
and cold tolerance in a number of species ranging from large trees like red spruce (Picea
rubens Sarg; Schaberg et al 2001) to various herbaceous plants (Arora & Palta 1988;
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Dhindsa et al. 1993; Monroy et al. 1993; Pandey et al. 2000). Nitrogen has been shown
to increase cold tolerance following short-term fertilization applied towards the end of the
growing season, as well as in cases where plants were N-deficient prior to fertilization
(Schaberg & DeHayes 2000). However, it should also be noted that excessive or
prolonged N fertilization may contribute to the development of decline symptoms in
forest trees (Aber et al 1989; 1998). Finally, since the restoration of American chestnut
relies at present on the backcross breeding program, genetic selection for increased
hardiness in backcross chestnut from northern-adapted mother trees could also boost the
cold tolerance of future restoration plantings.
Climate change could also influence American chestnut restoration to the northern
reaches of the native range. Current predictions of climate change in the northeastern
United States cite the potential for shorter winters, reduced snow packs, more freeze-thaw
events and smaller diurnal temperature fluctuations (Barron 2001). These processes
could combine to provide both positive and potentially negative influences on species
restoration.
A potential positive impact on American chestnut restoration is the prediction of
warming for the Northeast. It is predicted that the climate in the Northeast will increase
as much as 2-3°C over the next 100 years (Barron 2001). As a result of this warming,
forest species composition is expected to shift, with more cold-adapted species migrating
north, to be replaced by more temperate species. In the northeastern United States it is
predicted that predominantly maple-beech-birch forests will be replaced by oak-hickory
forests (Spencer 2001) – a forest type that historically included American chestnut.
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Furthermore, it is predicted that nighttime temperatures will warm more than those
during the day, potentially raising temperature minima closer to those experienced
throughout the heart of chestnuts historic range. Shoot winter injury temperature
thresholds have not yet been precisely identified, and a warming of only a few degrees
may not be enough to dramatically alter terminal shoot survival.
Increases in air temperature may cause a reduction in snow pack, which could
negatively impact the restoration of American chestnut. It is predicted that the number of
days with snow on the ground will decrease by an average of seven days annually over
the next 100 years (Barron 2001). At the Hubbard Brook Experimental Forest in
Thornton, NH, hydrologic modeling estimated changes in snow pack under current
predictions of climate change. After calibrating to past and current snow conditions, the
model predicted a reduction in snow cover of as much as 53% for a south facing
deciduous forest at 560 m elevation in February, and as much as 32% on a north-facing
slope at 730 m (Federer 2001). Additionally, the model predicted the most change in
areas that currently experience temperatures just below freezing; thus areas that receive
deep snow pack will not be as affected by warming as those areas with relatively low
snow packs (Federer 2001). Reductions in duration and depth of snow pack could
influence survival of young chestnut seedlings since they would be less protected from
animal herbivory and less insulated from winter temperature lows.
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Conclusion
The cold tolerance of American and backcross chestnut shoots was shown to be
less than that of red oak and sugar maple, potential native competitors. In addition, while
ambient temperatures during the 2006-2007 season did not reach estimated thresholds for
freezing injury identified by laboratory tests, ambient winter temperatures did damage
terminal shoots of pure American and backcross chestnut, while native sugar maple and
red oak remained uninjured. These findings support past evidence that laboratory
methods produce a conservative estimate of cold tolerance and, importantly, confirm that
chestnuts are vulnerable to freezing injury within the northern forest. A slight tendency
for the backcross chestnut to be less cold tolerant than American chestnut was also
identified, however further evaluation is needed to determine the practical importance of
this tendency. Cold tolerance could potentially be improved through various cultural
means including fertilization or through genetic selection for greater cold hardiness
among sources within breeding programs. In addition, predicted climate change could
interact with the limited cold tolerance of the species and help (reduce freezing injury) or
hinder (reduce protective snow packs) restoration efforts.
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Figure 1: Minimum daily temperatures from September 2006 to May 2007 for Burlington and
Bennington, VT. Temperature data are from NOAA National Climate Data Centers, collected at the
Burlington International Airport and W.H. Morse State Airport in Bennington, VT. The Burlington
temperature data proxies for temperatures at the Shelburne site and the Bennington temperature
data proxies for temperatures at the Sunderland site. Seasonal sampling dates are indicated.
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Figure 2: Differences in mean (± SE) shoot cold tolerance (Tm) measured in Shelburne, VT from fall
2006 through spring 2007 for five species or seed sources. Source means with different letters are
significantly different based on the orthogonal contrast of American chestnut, Shaftsbury and
Dummerston backcross chestnut versus maple and oak (P < 0.0001).
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in Shelburne, VT during winter 2006-2007. Source means with different letters are significantly
different based on the orthogonal contrast of American chestnut versus Shaftsbury and Dummerston
backcross chestnut (P = 0.0745).
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Figure 4: Differences in mean (± SE) terminal shoot winter injury measured in May 2007 on five
species or seed sources in Shelburne, VT. Damage was quantified by comparing the number of
terminal shoots overall on each seedling relative to the number of damaged terminals on a
percentage basis (% of terminals injured). Maple and oak exhibited no winter damage. Differences
in field-based freezing damage (P < 0.0001) were analyzed using the van der Waerden nonparametric test due to a lack of homogeneity of variances among sources.
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Figure 5: Differences in mean (± SE) shoot cold tolerance (Tm) of American and Shaftsbury
backcross chestnut at Shelburne and Sunderland, VT from fall 2006 through spring 2007.
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Appendix A
Field Notes from Controlled Pollinations during 2006 and 2007
Colchester American Chestnut - 2006
Location: Colchester Pond Natural Area, Colchester, VT
Land Owner: Winooski Valley Park District (manager of conservation easement)
Land Owner Contact Information: WVPD Office – 802-863-5744 or wvpd@sover.net
Jennifer Ely – WVPD Executive Director
Martha Head – WVPD Office Manager, monitored flowers for 2005 pollination
County Forester: Mike Snyder, Chittenden County - Michael.Snyder@state.vt.us
Flower Monitoring: Kendra Gurney (Thurs) and Martha (Mon)
Tree Climber: Sam Nijensohn – 802-535-8825
Flowers Bagged: July 11, 2006
Supervised by: Kendra Gurney, Gary Hawley and Paul Schaberg
Visit by: Pam (WVPD), as well as the WVPD Crew
Flowers Pollinated: July 17, 2006
Pollen Used: AL50, 7/3/06
Supervised by: Kendra Gurney, Leila Pinchot (TACF) and Gary Hawley
Nuts Harvested: October 2, 2006
Supervised by: Paul Schaberg and Chris Hansen (as well as Sam’s students)
Total Viable Seed: Pollinated: 38
Control: 3
Flower Monitoring
Tuesday, June 20 – I met Martha at the parking area and took a walk out to the tree.
Martha brought binoculars, but we had a hard time finding the flowers in the crown.
Thursday, June 22 – I monitored flowers with binoculars and John Bennink’s spotting
scope. I used the binoculars to find the flowers and the spotting scope to look more
closely at them once I located them. I also took digital pictures, but the lens that came
with the camera was not strong enough to see the flowers closely. The male flowers were
still very green and tight. Bagging should be a few weeks away still, but I sent flower
pictures to Fred Hebbard and Leila Pinchot for verification.
Thursday, June 29 – I monitored flowers with binoculars, and spotting scope. I also took
digital pictures using the telephoto lens for the camera (Gary Hawley had it). The male
flowers were still pretty green and tight, but they were starting to bulge or swell a little. I
had a hard time finding the female flowers, but based on the pictures of the male catkins
at bagging time, we’re not there yet. I sent a picture or two to Fred and Leila for
feedback.
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Wednesday, July 5 – I monitored flowers with binoculars, spotting scope and telephoto
lens. Paul Schaberg, Gary Hawley and Paula Murakami met me at the pond to take a
look at the tree before bagging to get an idea of how much work Sam might have
climbing the tree. Male flowers were bulging and the anthers were starting to become
visible. I sent pictures off to Fred and Leila, but Fred thought flowers were still not quite
ready, but almost. Based on Fred’s comments we may be bagging Friday (7/9) or
Monday (7/10).
Thursday, July 6 – I monitored flowers with binoculars and telephoto lens. (The spotting
scope is very time consuming and the pictures are more helpful for getting feedback.)
The anthers were still emerging and I was able to take a picture with a visible female
flower. I sent pictures off to Fred and Leila and heard back that we could bag flowers on
Friday (7/7), however Sam was not available Friday and we plan to bag Monday.
Friday, July 7 – I met Paul at the Forest Service to divvy up bagging supplies to bag
Colchester and Berlin trees both on Monday (7/10). We discovered that we had ~165
bags, and were under the impression that we should be getting ~ 100 nuts per tree,
therefore needing ~150 bags per tree. I requested more bags to be shipped overnight to
Paul. Worst-case scenario we bag Berlin Monday and Colchester Tuesday, as the bucket
truck operator was not as flexible about changing bagging dates.
Tuesday, July 11 – The bags did not come over the weekend so Sam climbed the tree
Tuesday and bagged ~60-70 flowers. We had him remove all the male catkins as well as
some of the female flowers, as we were under the impression that the bisexual catkins
have a bisexual flower. The female flower closest to the stem was left on the tree and
bagged, however we have since learned that the flowers are unisexual and we could have
left more female flowers on the tree. I had Sam bag as many flowers as he could reach,
as while we do need some un-bagged flowers to monitor for pollination readiness, there
were enough that he couldn’t reach to make that possible. The bags we used were bag
#421, a corn-shoot bag, from Lawson Bags, provided by TACF, and twist ties from a roll
of Twist-Em’s that we purchased at a garden center. Paul Schaberg, Gary Hawley, Sam
Nijensohn, Pam from WVPD and I all met at the parking lot at 8:00. Sam was in the tree
by 9:00 and finished bagging and back on the ground by 2:30.
Pollination
Monday, July 17 – Sam Nijensohn climbed the tree and pollinated the female flowers.
Gary Hawley, Leila Pinchot (TACF), Sam Nijensohn and I all met in the parking lot
around 8:00 and Sam was in the tree by 9:30, as we went over different pollination
methods or techniques before he climbed up.
We sent Sam up with a film canister of Leila’s (It had two caps – the inside one with a
small hole in the top that you tap a little pollen out of and onto the outside cap. Then you
use the outside cap to apply pollen to the flowers), a small paint brush, some cotton
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swabs, some 7 ml polyethylene scintillation vials of pollen and a 3” square of window
glass that I duct taped a lanyard to and then duct taped the edges to keep Sam from
cutting himself. Sam tried a few different things and found the glass to work best. He
would uncap the 7 ml polyethylene scintillation vial of pollen, place the center of the
glass over the top of the vial, flip the whole thing upside down and shake it a little to get
some pollen on the glass. Then he’d turn the vial and glass right side up, but before
removing the glass from the top of the vial, he’d tap the glass to get any excess pollen
back into the vial. Then he’d recap the vial and use the pollen on the glass to pollinate
the female flowers styles (white or cream colored) by wiping the glass over the tops of
the styles. This needs to be done fairly gently so to not break the styles. The glass allows
you to see that the pollen has come off on the flowers, as Sam had a hard time telling if
he had enough pollen on the flowers with the other methods he tried.
The pollen used on this tree was AL50, pollinated flower bags were marked with a P and
controls were marked with an X in Sharpie. ~50 or 60 flowers were pollinated with every
10th as a control, as well as a few extra controls. The unmarked bags are “extra” controls,
as Sam could not quite figure out how to get to ~6 bags that he had reached the week
before.
Harvest
Friday, September 15 – I monitored the bur production with the telephoto lens on the
camera and took a few pictures to send to Fred. The burs were still tight and closed, with
only one green bur found on the ground. It is still too early to harvest, but getting there.
Sunday, September 24 – I monitored bur production with the telephoto lens and attempted
to take a few pictures. It was very dark and windy (storm coming) and the pictures into
the canopy were too dark to show any burs. There were many burs on the ground, some
brown, some green. A few even came down in the wind while I was there. Harvest
should occur in the next week or so.
Monday, October 2 – Sam Nijensohn, Paul Schaberg and Chris Hansen harvested the tree
(with an audience of Sam’s students). In all they collected 32 pollinated bags with 33
burs and 22 un-pollinated bags with 25 burs. While there Paul and Chris also collected
burs off the ground to have native seed to work with.
Tuesday, October 3 – I sorted through the burs and removed nuts as needed. The control
bags don’t seem to have too many viable seed as of yet (good!) and the pollinated bags
seem to have mostly large, green, healthy-looking burs. The burs collected form the
ground are mostly moldy or falling apart and don’t seem to have any viable seed.
Everything went back in the walk-in cooler to await a final count. All burs and nuts are
stored in the walk-in cooler until all burs are open, or shucked, and a final seed count is
made.
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Thursday, October 5 – I sorted thorough burs again and removed a few more nuts. Many
of the pollinated husks are still closed. Everything went back in the walk-in cooler to
await a final count.
Final Count – The final nut count from pollinated flowers is 38 viable seeds, with 58
non-viable seed. Control flowers yielded 3 viable seeds and 44 non-viable seeds.

Berlin Jr. American Chestnut - 2006
Location: American Chestnut Way, Berlin, VT
Land Owner: Dwight (T.D.) Hobart, Marylyn Campbell & Minerva Batts
Land Owner Contact Information: c/o T.D. Hobart, Box 381, Pampa, TX 79066
Dwight Hobart(who must be T.D.) ph# 888-271-8965 or 210-452-0343(cell)
County Forester: Russ Barrett, Washington County – Russ.Barrett@state.vt.us or
802-476-0172
Flower Monitoring: Kendra Gurney (Thurs) and Russ Barrett (Mon)
Bucket Truck Operator: Treeworks – Bill DeVois, Manager: 802-233-2617
Jay Haggett, bucket truck operator and flower bagger: 802-249-2265
Jordan, bucket truck operator and flower pollinator:
Tim and Tom, bucket truck operators and bur harvesters:
Flowers Bagged: July 10, 2006
Supervised by: Kendra Gurney and Brett Huggett
Flowers Pollinated: July 18, 2006
Pollen Used: DV189, 7/3/06
Supervised by: Kendra Gurney, Leila Pinchot (TACF) and Gary Hawley
Visit by: Russ Barrett, as well as a few neighbors
Nuts Harvested: September 28, 2006
Supervised by: Kendra Gurney and Chris Hansen
Total Viable Seed: Pollinated: 127
Control: 0
Flower Monitoring
Thursday, June 22 – I monitored flowers with binoculars and John Bennink’s spotting
scope. I used the binoculars to find the flowers and the spotting scope to look more
closely at them once I located them. I also took digital pictures, but the lens that came
with the camera was not strong enough to see the flowers closely. The male flowers were
still very green and tight. Bagging should be a few weeks away still, but I sent flower
pictures to Fred Hebbard and Leila Pinchot for verification.
Thursday, June 29 – I monitored flowers with binoculars, and spotting scope. I also took
digital pictures using the telephoto lens for the camera (Gary Hawley had it). The male
flowers were still pretty green and tight, but they were starting to bulge or swell a little. I
had a hard time finding the female flowers, but based on the pictures of the male catkins
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at bagging time, we’re not there yet. I sent a picture or two to Fred and Leila for
feedback.
Thursday, July 6 – I monitored flowers with binoculars and telephoto lens. (The spotting
scope is very time consuming and the pictures are more helpful for getting feedback.) I
sent pictures off to Fred and Leila and heard back that we could bag flowers on Monday
(7/10), and confirmed the date/time with Jay Haggett, who needed a definite date.
Friday, July 7 – I met Paul at the Forest Service to divvy up bagging supplies to bag
Colchester and Berlin trees both on Monday (7/10). We discovered that we had ~165
bags, and were under the impression that we should be getting ~ 100 nuts per tree,
therefore needing ~150 bags per tree. I requested more bags to be shipped overnight to
Paul. Worst-case scenario we bag Berlin Monday and Colchester Tuesday, as the bucket
truck operator was not as flexible about changing bagging dates.
Monday, July 10 – Jay Haggett bagged ~40 flowers from the bucket truck. We had him
remove all the male catkins as well as some of the female flowers, as we were under the
impression that the bisexual catkins had a bisexual flower. The female flower closest to
the stem was left on the tree and bagged, however we have since learned that the flowers
are unisexual and we could have left more female flowers on the tree. I had Jay leave
some un-bagged flowers to monitor for pollination readiness; however there were enough
that he couldn’t reach that I should have had him bag all that he could get to. We used
the bags sent by TACF (#421 corn-shoot bags from Lawson Bags) and twist ties from a
roll of Twist-Em’s that we purchased at a garden center. Brett Huggett and I all met Jay
at the tree at 8:00. Jay was finished by 9:30.
Pollination
Tuesday, July 18 – Jordan operated the bucket truck and pollinated the female flowers.
Gary Hawley, Leila Pinchot (TACF), Jay Haggett, Jordan and I all met at the tree around
8:00, however Jay had to leave and we worked with Jordan instead. We sent Jordan up
with the glass pollination method that Sam used in Colchester (see Colchester American
Chestnut 2006 for specifics). The pollen used on this tree was DV189, pollinated flower
bags were marked with a P and controls were marked with an X in Sharpie. 36 flowers
were pollinated, leaving 4 controls. Russ Barrett did stop by for the pollination, as did a
few interested neighbors.
Harvest
Friday, September 22 – I monitored bur production with the telephoto lens. Burs are
green and there are a few on the ground. Many of those on the ground are attached to a
small portion of the branch, which appears to have been chewed off by squirrels. Based
on the squirrel problems last year, harvesting should occur in the next week.
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Thursday, September 28 – Tim and Tom of Treeworks operated the bucket truck and
harvested the tree. Chris Hansen and I met Tim and Tom around 12:00 and they were
done harvesting by 12:30-1:00. In all 32 pollinated bags with 75 burs and 4 control bags
with 7 burs were harvested. Back at the Forest Service I sorted through the burs and
removed nuts as needed, with the help of Kelly Baggett. The control bags don’t seem to
have too many viable seed as of yet (good!) and the pollinated bags seem to have mostly
large, green, healthy-looking burs. All burs and nuts are stored in the walk-in cooler until
all burs are open, or shucked, and a final seed count is made.
Tuesday, October 3 – I sorted through the burs and removed nuts as needed. Everything
went back in the walk-in cooler to await a final count.
Thursday, October 5 – I sorted thorough burs again and removed a few more nuts.
Everything went back in the walk-in cooler to await a final count.
Final Count – The final nut count from pollinated flowers is 127 viable seeds, with 87
non-viable seed. Control flowers yielded 0 viable seeds and 21 non-viable seeds.

Colchester American Chestnut - 2007
Location: Colchester Pond Natural Area, Colchester, VT
Land Owner: Winooski Valley Park District (manager of conservation easement)
Land Owner Contact Information: WVPD Office – 802-863-5744 or wvpd@sover.net
Jennifer Ely – WVPD Executive Director
County Forester: Mike Snyder, Chittenden County - Michael.Snyder@state.vt.us
Flower Monitoring: Kendra Gurney
Tree Climber: Sam Nijensohn – 802-535-8825
Flowers Bagged: July 6, 2007
Supervised by: Kendra Gurney, Gary Hawley and Homer Eliot
Flowers Pollinated: July 16, 2007
Pollen Used: SC531, 6/20/07
Supervised by: Kendra Gurney, and Gary Hawley (and Mia)
Nuts Harvested: September 27, 2007
Supervised by: Kendra Gurney, Paul Schaberg, Josh Halman and Chris Hansen
(as well as 2 instructors and 2 students from Sam’s school)
Total Viable Seed: Pollinated: 38
Control: 3
Flower Monitoring
Wednesday, June 27 – I monitored flowers with the digital camera and telephoto lens.
The male flowers were pretty tight, but with the warm, dry spring we’ve had, should be
coming along. I plan to bag July 5th, but I sent flower pictures to Fred Hebbard and Leila
Pinchot for verification.
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Friday, July 6 – Sam Nijensohn, Gary Hawley, Homer Eliot and I met to bag the female
flowers. WVPD was notified, however it was short notice, and they did not attend. The
weather was a little wet the night before so we met at the pond parking lot at 9:00am to
give the tree some time to dry off. Sam used the Big Shot to get the ropes into the tree,
which was quick and once in the tree did not take long to get to where he wanted to be.
Sam removed only male catkins, as well as interfering leaves, and most bags had more
than one female flower. Male catkins were removed using scissors and female flowers
were bagged with bag #421, a corn-shoot bag, from Lawson Bags, provided by TACF,
and attached with twist ties from a roll of “Twist-Ems”. This year we also were sent
control bags, which are brown instead of the white used for pollinations. Sam put up 28
pollination bags and 3 controls. Unfortunately some threatening sounding thunder had
Sam out of the tree a little early, and it was sunny again by the time we got to the parking
lot. Better safe than sorry!
Thursday, July 12 – I monitored flower development with the digital camera and
telephoto lens. The male flowers are open, and styles of female flowers are visible. The
bisexual catkins still look relatively tight and I’m hoping to pollinate July 17 or 18,
weather depending. Photos were sent to Fred Hebbard and Leila Pinchot for a second
opinion.
Friday, July 13 – I heard back from Fred and Leila, and based on the flower development
we need to pollinate ASAP. The anthers on the bisexual catkins are starting to emerge, a
sign that the female flowers are receptive. After a little scrambling and planning with
Paul Schaberg, we will plan to pollinate on Monday. Paul will be out of town, so Gary
Hawley and I will meet Sam.
Pollination
Monday, July 16 – I met Sam Nijensohn at 9:00am at the pond parking lot to pollinate the
tree. Gary Hawley and Mia (his dog) joined us at the tree by 10:00am. WVPD was
notified but did not attend. Pollen was sent up to Sam in 7 ml polyethylene scintillation
vials and a 3” square of window glass duct taped to a lanyard was used to pollinate the
flowers. The method is to uncap 7 ml polyethylene scintillation vial of pollen, place the
center of the glass over the top of the vial, flip the whole thing upside down and shake it a
little to get some pollen on the glass. Then turn the vial and glass right side up, but before
removing the glass from the top of the vial, tap the glass to get any excess pollen back
into the vial. Then recap the vial and use the pollen on the glass to pollinate the female
flowers styles (white or cream colored) by wiping the glass over the tops of the styles.
This needs to be done fairly gently so to not break the styles. The glass allows you to see
that the pollen has come off on the flowers. Once a bag was pollinated, it was marked
with a Sharpie to keep track of what had been done.
Pollination went smoothly and we were back to the parking lot by 12:30.
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Harvest
Thursday, September 27 – The harvest crew of Sam Nijensohn, as well as 2 other
instructors and 2 students from his school, myself, Paul Schaberg, Josh Halman and Chris
Hansen met at the pond parking lot around 9:00am. Sam harvested the tree (while the
rest provided any assistance needed) and was finished before noon. In all, 27 pollinated
bags (one lost bag found on the ground earlier in the season) with 45 burs, and 3 control
bags with 1 bur were harvested. Burs seem small and there were many brown burs on the
ground already. All burs and nuts are stored in the walk-in cooler until all burs are open,
or shucked, and a final seed count is made.
Final Count – After approximately 2 weeks in the cooler, the final nut count from
pollinated flowers is 38 viable seeds, with 58 non-viable seed. Control flowers yielded 3
viable seeds and 44 non-viable seeds.

Berlin Sr. American Chestnut - 2007
Location: American Chestnut Way, Berlin, VT
Land Owner: Dwight (T.D.) Hobart, Marylyn Campbell & Minerva Batts
Land Owner Contact Information: c/o T.D. Hobart, Box 381, Pampa, TX 79066
Dwight Hobart(who must be T.D.) ph# 888-271-8965 or 210-452-0343(cell)
County Forester: Russ Barrett, Washington County – Russ.Barrett@state.vt.us or
802-476-0172
Flower Monitoring: Kendra Gurney
Tree Climber: Sam Nijensohn – 802-535-8825
Flowers Bagged: July 5, 2007
Supervised by: Kendra Gurney and Paul Schaberg
Flowers Pollinated: July 14, 2007
Pollen Used: MA349, 6/27/07
Supervised by: Paul Schaberg
Nuts Harvested: September 27, 2007
Supervised by: Kendra Gurney, Paul Schaberg, Josh Halman and Chris Hansen
(as well as 2 instructors and 2 students from Sam’s school)
Total Viable Seed: Pollinated: 19
Control: 0
Flower Monitoring
Wednesday, June 27 – I monitored flowers with the digital camera and telephoto lens.
The male flowers were pretty tight, but with the warm, dry spring we’ve had, should be
coming along. I plan to bag July 5th, but I sent flower pictures to Fred Hebbard and Leila
Pinchot for verification.
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Thursday, July 5 – Sam Nijensohn, Paul Schaberg and I met to bag the female flowers.
The weather was a little wet the night before so we met at the Mobil gas station off 62 at
9:00am to give the tree some time to dry off. Paul and Sam used the Big Shot to get the
ropes into the tree, which was quick; however it took Sam a little while to get to where he
wanted to be in the tree. Sam removed only male catkins, as well as interfering leaves,
and most bags have more than one female flower, with a record 11 in one bag! Male
catkins were removed using scissors and female flowers were bagged with bag #421, a
corn-shoot bag, from Lawson Bags, provided by TACF, and attached with twist ties from
a roll of “Twist-Ems”. This year we also were sent control bags, which are brown instead
of the white used for pollinations. Sam put up 23 pollination bags and 3 controls. This
tree was a little time consuming to climb and Paul and I discussed purchasing some light
cord to leave in the tree to aid in future climbs. Sam agreed that this would be helpful so
Paul will purchase some cord for pollination.
Thursday, July 12 – I monitored flower development with the digital camera and
telephoto lens. The male flowers were open, and styles of female flowers were visible.
The bisexual catkins still looked relatively tight and I hope to pollinate July 17 or 18,
weather depending. Photos were sent to Fred Hebbard and Leila Pinchot for a second
opinion.
Friday, July 13 – I heard back from Fred and Leila, and based on the flower development
we need to pollinate ASAP. The anthers on the bisexual catkins are starting to emerge, a
sign that the female flowers are receptive. After a little scrambling and planning with
Paul Schaberg, we will plan to pollinate on Saturday. Paul will meet Sam, as he will be
in Fayston for the weekend, and much closer to the tree.
Pollination
Saturday, July 14 – Paul Schaberg met Sam Nijensohn at 9:00am at the Mobil station off
Route 62 to pollinate the tree. Pollen was sent up to Sam in 7 ml polyethylene
scintillation vials and a 3” square of window glass duct taped to a lanyard was used to
pollinate the flowers. The method is to uncap 7 ml polyethylene scintillation vial of
pollen, place the center of the glass over the top of the vial, flip the whole thing upside
down and shake it a little to get some pollen on the glass. Then turn the vial and glass
right side up, but before removing the glass from the top of the vial, tap the glass to get
any excess pollen back into the vial. Then recap the vial and use the pollen on the glass
to pollinate the female flowers styles (white or cream colored) by wiping the glass over
the tops of the styles. This needs to be done fairly gently so to not break the styles. The
glass allows you to see that the pollen has come off on the flowers. Once a bag was
pollinated, it was marked with a Sharpie to keep track of what had been done.
Paul did pick up some thin cord and Sam was able to leave it high in the tree to make
climbing faster in the future. I alerted Russ Barrett, the county forester, of this so
hopefully no one will bother it.
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Harvest
Thursday, September 27 – The harvest crew of Sam Nijensohn, as well as 2 other
instructors and 2 students from his school, myself, Paul Schaberg, Josh Halman and Chris
Hansen arrived at Berlin site around 1:00, after finishing up at Colchester Pond. Sam
harvested the tree (while the rest provided any assistance needed) and was finished in a
couple of hours. In all, 23 pollinated bags with 46 burs, and 3 control bags with 3 burs
were harvested. Many brown burs were collected. In addition, open pollinated seed was
collected from the ground under pollinated tree, as well as nearby tree on Rowell Hill Rd.
Any viable, open-pollinated seed will be sent to Arnold Arboretum. All burs and nuts are
stored in the walk-in cooler until all burs are open, or shucked, and a final seed count is
made.
Final Count – After approximately 2 weeks in the cooler, the final nut count from
pollinated flowers is 19 viable seeds, with 120 non-viable seed. Control flowers yielded
0 viable seeds and 7 non-viable seeds. It is hypothesized that low pollination success is
related to the difficulty of reaching full-sun flowers at the tips of branches, due to
climbing restraints.

Lavigne Road American Chestnut - 2007
Location: 423 Lavigne Rd, Colchester, VT
Land Owner: Art Lavigne
Land Owner Contact Information: Art Lavigne, 423 Lavigne Rd, Colchester, VT
802-655-2194
County Forester: Mike Snyder, Chittenden County - Michael.Snyder@state.vt.us
Flower Monitoring: Kendra Gurney
Flowers Bagged: June 28, 2007
Bagged by: Kendra Gurney, Gary Hawley and Paul Schaberg
Flowers Pollinated: July 12, 2007
Pollen Used: DV130, 6/21/07
Pollinated by: Kendra Gurney, Paul Schaberg, Paula Murakami and Gary Hawley
Nuts Harvested: September 26, 2007
Harvested/Supervised by: Kendra Gurney, Paul Schaberg, Gary Hawley, Paula
Murakami, Josh Halman and Chris Hansen
Total Viable Seed: Pollinated: 98
Control: 0
Flower Monitoring
Monday, June 25 – I visited Art Lavigne’s trees with Don Tobi, as well as Art. He has
three nice looking, approximately 20 year old American chestnut trees from seed
collected from the Camp Holy Cross area off Porter’s Point Rd. Based on the history of
the parent trees, the appearance of these trees, and my experience with chestnuts, it was
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likely that these trees were pure American chestnut and good candidates for the breeding
program. One tree in particular would be accessible by bucket truck and is producing
many accessible female flowers. I took several pictures and sent them to Fred Hebbard
and Leila Pinchot for verification. Leila was a little doubtful of the heritage of the trees,
however Fred was certain that they were pure American and gave us the “go ahead”
based on the photos I sent.
Thursday, June 28 – I visited Art’s trees, as well as some smaller ones at the Jericho
Research Forest with Paul Schaberg. After looking at both options we decided that the
Lavigne Rd trees, in particular the one that could be accessed with ladders or a bucket
truck, would be the best pollination option.
The male flowers were still relatively tight, but the styles of the female flowers have
emerged. We needed to bag ASAP, especially with the other two chestnuts flowering
across the yard. Paul and I located one 8 ft step ladder at the Forest Service and Gary
Hawley purchased a 12 ft step ladder at Home Depot. Perhaps next year we can schedule
a bucket truck.
Paul, Gary and I bagged flowers later in the afternoon, some from the ground and some
from the two ladders. Male catkins and interfering leaves were removed with scissors
and female flowers were bagged with bag #421, a corn-shoot bag, from Lawson Bags,
provided by TACF, and attached with twist ties from a roll of “Twist-Ems”. We also
used control bags, which are brown, instead of the white used for pollinations. We put up
29 pollination bags and 3 controls. It was neat to be able to do this ourselves!
Monday, July 9 – I monitored flower development with the digital camera and telephoto
lens. The male flowers are open, and styles of female flowers are visible. The bisexual
catkins still look relatively tight and I’m hoping to pollinate July 11 or 12, weather
depending. Photos were sent to Fred Hebbard and Leila Pinchot for a second opinion.
I heard back from Fred and Leila and they are in agreement on pollination time. The
weather is supposed to be humid and rainy on Wednesday so I plan to pollinate on
Thursday, July 12.
Pollination
Thursday, July 12 – I met Paul Schaberg, Paula Murakami and Gary Hawley at 9:00am at
the Forest Service to head out to pollinate the tree. Pollen was separated into in 7 ml
polyethylene scintillation vials and a glass microscope slide was used to pollinate the
flowers. The method is to uncap 7 ml polyethylene scintillation vial of pollen, place the
center of the slide over the top of the vial, flip the whole thing upside down and shake it a
little to get some pollen on the slide. Then turn the vial and slide right side up, but before
removing the slide from the top of the vial, tap the glass to get any excess pollen back
into the vial. Then recap the vial and use the pollen on the slide to pollinate the female
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flowers styles (white or cream colored) by wiping the glass over the tops of the styles.
This needs to be done fairly gently so to not break the styles. The glass allows you to see
that the pollen has come off on the flowers.
All of us were able to pollinate a few bags, from the ground or from the ladders, and
Paula took a lot of pictures as well. Bags were marked with a Sharpie once they were
pollinated. One bag was lost, as the only flower in it fell off when the bag was removed,
leaving us with 28 pollinated bags on the tree. It was nice to pollinate a tree ourselves
and we shall see how we did in the fall.
Harvest
Wednesday, September 26 – The harvest crew of myself, Paul Schaberg, Gary Hawley,
Paula Murakami, Josh Halman and Chris Hansen arrived at Lavigne Rd site around
10:00am. We harvested from the ground, as well as on ladders, and were done quickly.
In all, 28 pollinated bags with 51 burs, and 3 control bags with 3 burs were harvested.
Burs collected were large and green. In addition, 70 open pollinated burs were collected
from a sibling tree across the yard, with some seed to be sent to the Arnold Arboretum
and some to be saved for future research. All burs and nuts are stored in the walk-in
cooler until all burs are open, or shucked, and a final seed count is made.
Final Count – After approximately 2 weeks in the cooler, the final nut count from
pollinated flowers is 98 viable seeds, with 49 non-viable seed. Control flowers yielded 0
viable seeds and 8 non-viable seeds.
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Appendix B
American Chestnut Inventory in Vermont – 2006-2007
In order to locate existing American chestnut trees within Vermont forests, forest
and natural resource professionals, as well as amateur chestnut enthusiasts, were asked to
report any and all existing American chestnuts they knew of in Vermont. An inventory
of these trees was conducted to verify location, species, seed source, size, accessibility,
flowering and blight status, as well as landowner willingness to participate in the TACF
breeding program, should their tree be a good candidate. This information was used to
map existing American chestnut in Vermont and create a spatial database for further
breeding and research uses. While some reported trees and sites were known to many,
including TACF, most information was scattered and often disorganized. Nonetheless,
approximately 20 new sites were identified by the systematic inventory, many of which
support trees with potential use in the breeding program or provide future restoration
sites. In addition, sites already known to TACF were visited and included in the
database.
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Low elevation

High elevation

Figure 6: American chestnut locations in VT. All points represent locations visited, sampled for
TACF species verification, and included in the spatial database. Grayscale shading represents a
digital elevation model for Vermont.
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American Chestnut Field Visit Data Sheet
Researcher(s)_____________________________________________________________
Date _____________________________
Landowner ______________________________________________________________
Location ________________________________________________________________
________________________________________________
Tree Information:
Lat (W) _____________________________ Long (N) __________________________
RMS Error ___________________________ Elevation __________________________
Way Pts. ____________________________ GPS Unit ___________________________
Tree Height __________________________ DBH ______________________________
Canopy _____________________________ (dominant, intermediate, etc)
Blight present? ____________________
If yes, symptoms: ___________________________________________________
________________________________________________________________________
Age/ Developmental stage ______________________ (mature, sapling, seedling, etc)
Independent stem or stump sprout? ___________________________________________
Does tree flower? _________________________________________________________
Reproductive evidence (seeds, flowers) _________________________________
Naturally occurring or planted? ______________________________________________
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If planted, by whom and when? ________________________________________
Seed source? _______________________________________________________
Additional tree history _______________________________________________
________________________________________________________________________
________________________________________________________________________
Site description: forest / field wet / dry steep / flat ____________________________
Vehicle access? ____________________________________________________
Additional comments ________________________________________________
________________________________________________________________________
Landowner willing to join TACF pollination program_____________________________
Landowner contact information ________________________________________
________________________________________________________________________
Directions to site:
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
Notes/Field Map:
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Appendix C
Chestnut Restoration In The North: Needed Now More Than Ever!
Kendra Gurney1 and Paul Schaberg2
i

The University of Vermont, Rubenstein School of Environment and Natural Resources,
Burlington, VT 05405, U.S.A.(e-mail: kendra.gurney@uvm.edu)
2

Forest Service, U.S. Department of Agriculture, Northern Research Station, South
Burlington, VT 05403, U.S.A. (e-mail: pschaberg@fs.fed.us)

Chestnut Ruled!
The American chestnut, once a prominent species in eastern forests from Maine to
Georgia, was functionally removed from forest ecosystems by an introduced Asian fungal
disease first identified in 1904. Prior to its loss, American chestnut was prized as a fast
growing and large timber species (often reaching 100 feet in height and diameters of 3
feet or more). Chestnut wood is very rot resistant and was used for everything from
railroad ties and mine timbers to furniture and musical instruments. In addition,
chestnuts reliably produced a mast crop almost every year. The nuts were prized as a
food source for humans, livestock and wildlife - especially in the heart of the range where
one in four stems might be a chestnut.

Chestnut Restoration and Climate Change
Considering the many superlative qualities of the American chestnut, its
restoration would have great ecological and economic value to communities throughout
the species’ range. However, restoration may be particularly important in the north given
predictions of future climate change. If predictions are correct, many of the forested
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areas in the northern U.S. may be better suited to growing the oak-hickory cover type in
the decades ahead – a cover type that once included a strong chestnut component. If this
cover type were going to exist and allow for a northern spread of the species as climates
change, then the upper fringe of the species’ historic range may actually be one of the
most important locations for population restoration. In addition to allowing for species
migration as climates change, American chestnut may also be an ideal species to grow to
help mitigate atmospheric CO2 build-ups. It is fast growing, massive and extremely rot
resistant – providing for the rapid capture of large amounts of carbon for potentially long
periods of time. For these and other reasons, it would be of great value to restore this
keystone species to the Northern Forest.

Restoration Approach
Many methods to restore American chestnut to its former prominence have been
attempted. At present, the method showing the most promise for near-term restoration is
a breeding method that utilizes the last few flowering American chestnuts scattered
throughout the original range. The American Chestnut Foundation (TACF) is a nonprofit organization devoted to using this breeding method, known as backcross breeding,
to restore the species throughout its range. The first step in the TACF breeding program
is a cross between a blight resistant-Chinese chestnut and a remnant American chestnut.
Progeny of this initial cross are then backcrossed to American chestnut three times to
increase the percentage of American chestnut genes, and then their offspring are
intercrossed with other backcrosses to increase the relative level of blight resistance. At
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each stage in this process, seedlings are challenged with the blight and only those that
show resistance are continued in the breeding program. The final goal is a tree that is at
least 94% American chestnut and shows strong blight resistance. This breeding program
takes a lot of time and energy, and therefore relies heavily on the help of volunteers to
locate regionally adapted native trees, conduct controlled pollinations of these trees, and
to plant breeding orchards with resulting seed.
The goal of the program is to restore the American chestnut throughout its former
range. The northern reaches of that range include parts of Maine, New Hampshire and
Vermont, where some special constraints exist. These northern areas experience much
colder temperatures in the winter than much of chestnut’s native range, and developing
locally adapted breeding lines is important, not only to increase genetic diversity, but to
ensure survival in a harsher climate. Some TACF breeding work has been done in these
northern areas, however probably not to the extent needed to ensure full adaptation to the
north. As an aid to the future restoration of this species to northern forests, we
established a collaborative group of University of Vermont and USDA Forest Service
researchers to work with TACF and 1) conduct an inventory of existing American
chestnuts in Vermont to possibly add new sources of northern genes to the breeding effort
through controlled pollination, and 2) conduct a preliminary assessment of the cold
tolerance of trees already in the northern breeding program.
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Location and Mapping of Native Chestnut
In order to locate existing American chestnut trees within Vermont forests, forest
and natural resource professionals, as well as amateur chestnut enthusiasts were asked to
share any and all “chestnut sightings” they could recall. Some trees were better known
than others, bringing in multiple reports. All reported trees were visited to verify their
location, size, accessibility, flowering, and blight status. This information was used to
map the trees and create a spatial database for further breeding and research. At the start
of the inventory, information was scattered and often disorganized, however
approximately two dozen new trees were identified by the systematic inventory, many of
which have potential use in the breeding program.

Pollinations
Newly located American chestnuts are potential sources of locally adapted (and
more cold tolerant) genes for the breeding program, but trees must be pollinated under
controlled conditions and the nuts harvested to capture this potential. We conducted five
controlled pollinations on four different Vermont mother trees in 2006 and 2007,
producing close to 400 backcross seed, and augmenting the pollination efforts of TACF
and their volunteers. The basic process of breeding involves removing male flowers (to
prevent self-pollination), pollinating with TACF hybrid-backcross pollen, and protecting
the female flowers from outside pollination with bags until harvest time in the fall. Often
a ladder can be used to reach the flowers of younger trees, however with mature trees the
help of a bucket truck or careful tree climber is necessary. Collected nuts are germinated
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and grown in local plantations until seedlings are large enough to test for blight resistance
and cold tolerance (necessary traits for restoration in the north).

Cold Tolerance Testing
As a first look at the cold tolerance of new breeding stock, an assessment of the
cold tolerance of the shoots of Vermont-grown American and backcross chestnuts from
VT mother trees was conducted in the fall, winter and spring of 2006-07 using wellestablished methods. As a comparison, the cold tolerance of two native competitors
(sugar maple and red oak) was also assessed. American and backcross chestnut were
found to be significantly less cold tolerant than red oak and sugar maple in winter, and
backcross chestnut showed a tendency to be less cold tolerant than American chestnut in
winter. Importantly, damage in the field coincided with laboratory results – American
and hybrid-backcrossed chestnuts experienced extensive (between 30 and 60 percent on
average) freezing damage to terminal shoots, whereas no injury was detected on nearby
maple or oak. These findings suggest that cold temperatures may be an additional
challenge to chestnut restoration to northern forests, and highlight the need for including
genes for greater cold tolerance to promote restoration efforts in the north.

Calling All Chestnuts!
To achieve chestnut restoration in the Northern Forest, additions of locally
adapted genes from northern American chestnuts are needed. In order to do this, more
potential mother trees from northern locales must be located, assessed and included in the
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breeding program. You can help with this needed expansion of the program! If you
know of an American chestnut tree that might be appropriate for the breeding program,
please contact TACF at www.acf.org directly, or e-mail Kendra Gurney
(kgurney@uvm.edu) or Paul Schaberg (pschaberg@fs.fed.us). The trees that you locate
and report may contain the special gene forms needed to help restore this amazing species
to the north!
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